We consider the contact of two elastic bodies with rough surfaces at the interface. The size of the micropeaks and -valleys is very small compared with the macrosize of the bodies' domains. This makes the direct application of the FEM for the calculation of the contact problem prohibitively costly. A method is developed that allows deriving a macrocontact condition on the interface. The method involves an asymptotic homogenization procedure that takes into account the microgeometry of the interface layer and the stiffnesses of materials of both domaines. The macrocontact condition is then used in a FEM model for the contact problem at the macrolevel. The averaged contact stiffness obtained allows the replacement of the interface layer in the macromodel by the macrocontact condition. The approach is illustrated by the application to the hip-prosthesis-bone contact.
INTRODUCTION
The surface of the cementless implant is coated in such a way that the bone is in direct contact with this surface with the idea that the bone grows into the micro-troughs and pores of the coating to provide enhanced stability and rapid osteointegration. The study of the bone-stem contact by direct application of the finite element method taking into account microgeometry of the interface is very expensive. The theoretical modelling of the bone-implant interface aims to simplify the problem by replacing the interface layer by a smooth contact surface with some effective macro-contact conditions at the expense of a slight decrease in the accuracy of the results predicted.
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STATEMENT OF THE CONTACT PROBLEM
The following assumptions were made for the mathematical treatment of the problem. The bone material is supposed to be elastic, both the bone and implant materials are homogeneous. We suppose that the microroughness of the interface has a similar to periodic structure and introduce a small parameters , which is the ratio of the characteristic dimension of the interface irregularities to the characteristic length of the interaction zone. Since we deal with non-smooth domains and want to solve problem (1) by the FEM, we rewrite it in the variational formulation:
For any function from the cone Κ ε :={v, e Η ι (Ω ε uZ) e , i2/ u5D/)| v" <g e onS^}, the solution (uf ) 3 of the problem (1) must satisfy the variational inequality:
Owing to the penalty approach [2-3], we replace constraint v" < g £ by adding to the left-hand-side of (2) the penalty functional
Here k £>s (χ) := -6(x, -) is called in many FEM-software packages the contact stiffness, i.e., δ ε Now, the problem is equivalent to the minimization of the functional:
We suppose from now on that Gf (x) = 0, i = 1, 2, 3, χ e S£ for simplicity. 
HOMOGENIZATION OF THE CONTACT CONDITIONS
The homogenisation theory is applied for solving the problem, since the direct FE simulation on the micro-and macro-level simultaneously is very memory and time costly because of the number of finite elements required for simulation on the micro-and macro-scales. The homogenisation provides the macro contact stiffness for the bone-implant interaction, based on the micro-geometry and the micro contact stiffness of the interface. The procedure was performed based on the two-scale convergence approach [4] and a proposed in [5] convergence for the surface integrals of the Lipschitz functions applied on some weak convergent functions, resulting in the following proposition:
Proposition: The homogenized non-penetration constrain condition is° 
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In terms of the contact stiffness the proposition above can be expressed as the springs set shown in Figure 3 
NUMERICAL PROCEDURE AND ILLUSTRATING COMPUTATIONS
Input data for the homogenization algorithm are the macro-and micro-surface geometries of the implant and coating, stiffness of the bone and stem, and the contact stiffnesses of the bone and coating. The algorithm for the numerical computation of the stress-state in the contact problem is presented in Fig.4 . and that of bone is 14 GPa (cortical bone). Poisson's ratios are the same for both materials, 0.3.
The different parts of the algorithm above have been implemented in terms of the ANSYS APDL programming language. The macro-contact parameters are determined by solving an auxiliary problem for each contact element (see Fig. 5 ).
We analysed the sensitivity of the bone-stem stability to changes in the macro-contact stiffness and friction coefficient with the growing of the complete surface area and the sharpness of the roughness at the prosthesis' coating. The maximum equivalent von Mises stress at the interface is weakly dependent on the normal contact stiffness, but depends essentially on the increasing of the friction coefficient through more rough and sharp geometry of the contacting surfaces (Fig. 6 ).
CONCLUSIONS
Parameters of the coating that influence the interface strength:
The macro-interface stability in contact problems is governed by the interface micro-geometry and elastic properties of the contacting materials. Owing to results of Sections 3, 4, the complete surface area and the sharpness of the roughness at the interface are the most important factors increasing tangential stiffness and friction on the macro-interface.
